Abstract-Epidemiological studies have demonstrated a positive relationship between heavy alcohol use and hypertension, but few studies have directly addressed the role of drinking pattern. This study was designed to investigate the association of current alcohol consumption and aspects of drinking pattern with hypertension risk in a sample of 2609 white men and women from western New York, aged 35 to 80 years, and free from other cardiovascular diseases. Hypertension was defined by systolic blood pressure Ն140 Key Words: alcohol Ⅲ hypertension, alcohol-induced Ⅲ blood pressure Ⅲ epidemiology T he relationship between heavy alcohol consumption and blood pressure elevation is well documented. 1,2 In the majority of studies, the assessment of alcohol has been focused primarily on average quantity of alcohol consumed during a period of time. The many different and complex components of drinking, such as the frequency and setting of consumption, have not been sufficiently addressed. It has been suggested that the way in which alcohol is consumed may have important implications for health and, in particular, for cardiovascular disease and cardiovascular risk factors. [3] [4] [5] [6] Few studies have specifically evaluated the possible effect of pattern of alcohol consumption on blood pressure elevation; 7-9 the majority of these studies have given attention to the role of drinking frequency, however, providing conflicting results. Only a study on a large sample of Italian men and women has examined the association between drinking pattern in relation to food consumption and hypertension risk, reporting a higher prevalence of hypertension in individuals consuming wine outside meals compared with drinkers of wine with meals. 7 This study was thus conducted to investigate the relationship between pattern of alcohol use and hypertension risk in a general-population sample of men and women. In particular, in addition to the amount of alcohol consumed, our study focused on frequency of drinking and in relation to food consumption and beverage preference (beer, wine, and liquor).
T he relationship between heavy alcohol consumption and blood pressure elevation is well documented. 1, 2 In the majority of studies, the assessment of alcohol has been focused primarily on average quantity of alcohol consumed during a period of time. The many different and complex components of drinking, such as the frequency and setting of consumption, have not been sufficiently addressed. It has been suggested that the way in which alcohol is consumed may have important implications for health and, in particular, for cardiovascular disease and cardiovascular risk factors. [3] [4] [5] [6] Few studies have specifically evaluated the possible effect of pattern of alcohol consumption on blood pressure elevation; 7-9 the majority of these studies have given attention to the role of drinking frequency, however, providing conflicting results. Only a study on a large sample of Italian men and women has examined the association between drinking pattern in relation to food consumption and hypertension risk, reporting a higher prevalence of hypertension in individuals consuming wine outside meals compared with drinkers of wine with meals. 7 This study was thus conducted to investigate the relationship between pattern of alcohol use and hypertension risk in a general-population sample of men and women. In particular, in addition to the amount of alcohol consumed, our study focused on frequency of drinking and in relation to food consumption and beverage preference (beer, wine, and liquor).
Methods

Study Population
The present study is based on data obtained from a randomly chosen sample of residents of Erie and Niagara counties in New York. The overall sample, identified as the "Western New York Health Study," was collected between September 1995 and May 2001 as part of a series of studies specifically addressed to examine the complex issue of alcohol drinking pattern and chronic disease risk. The details of the overall study design, participant enrollment, and methodology have been described previously. 5 The study protocol was approved by the University at Buffalo institutional review board.
Of the 6837 potential participants identified, contacted, and assessed eligible for our study, a total of 4065 (59.5%) agreed to participate. The exclusion criteria applied to the present analyses were race other from white (nϭ381), a self-reported history of prevalent coronary heart disease (previous myocardial infarction, coronary artery bypass graft surgery, angioplasty, or diagnosed angina pectoris; nϭ502), a self-reported history of diabetes (nϭ221), missing blood pressure measurements (nϭ63), missing information on drinking habits (nϭ29), or missing data for various covariates (nϭ260). The remaining 2609 participants, aged 35 to 80 years, are included in this analysis.
Measurements
Blood pressures were measured by a trained interviewer 3 times on each individual in a sitting position with a standard mercury sphygmomanometer according to a standardized protocol. 10 The mean of the second and third systolic and diastolic blood pressure measurements were used. Hypertension was defined by systolic blood pressure Ն140 mm Hg, or diastolic blood pressure Ն90 mm Hg, or use of medication for hypertension. 11
Drinking Pattern
Information about alcohol intake was obtained with a computer assisted in-person interview. 12, 13 For the present study, the 30 days before the interview date were used as a measure of participants' most current alcohol consumption. Quantity-frequency questions on alcohol drinking were asked for Fridays, Saturdays, Sundays, and weekdays. The interview also addressed the proportion of drinking that took place with a meal, while snacking, or with no food. The responses to these mutually exclusive questions had to sum to 100%. Responses to the above questions were used to compute the following variables for the present analyses: (1) lifetime abstainers: participants who reported consumption of Ͻ12 drinks during their lifetime or in any 1-year period; (2) noncurrent drinkers: participants who reported Ն12 drinks during their lifetime or in any 1-year period but did not consume an alcoholic beverage at least once in the past 30 days; and (3) current drinkers: those who did consume at least 1 alcoholic beverage in the past 30 days. Average volume of alcohol consumed in the 30 days before the interview in drinks per day was calculated. A drink was defined as a 355-mL beer, 148-mL wine, and 37-mL liquor. The number of drinks consumed per drinking day in the past 30 days was used as a measure of drinking intensity. For pattern of drinking in relation to drinking frequency during the week, the following categories were assessed: (1) less than weekly drinkers: current drinkers who reported consuming alcoholic beverages less than once per week; (2) weekly nondaily drinkers: current drinkers who reported drinking weekly but less than daily; (3) weekend only drinkers: current drinkers who reported consuming alcoholic beverages only on weekends (Friday, Saturday, or Sunday) and never or hardly ever on weekdays; and (4) weekly daily drinkers: current drinkers who reported drinking on a daily basis.
For pattern of drinking in relation to food consumption, we computed the following categories: (1) drinkers of alcohol with food: current drinkers who reported consuming their alcoholic beverages with meals or snacks Ն75% of the time; (2) drinkers of alcohol with no food: current drinkers who reported consuming their alcoholic beverages without food Ն75% of the time; and (3) drinkers with a mixed pattern: current drinkers who did not match any of the above categories.
Finally, predominant beverage consumption was defined as drinkers of beer, wine, or liquor (consumption of that beverage Ն75% of all drinking occasions) and mixed beverage consumption (no single beverage consumed Ն75% of all drinking occasions). Because wine coolers were rarely consumed, they were included in the wine category.
For the last 2 patterns, the 75% cut point was used because it ensured reasonable sample sizes in all categories. Results, however, were consistent across a wide range of cut points.
Statistical Analysis
All analyses were conducted using the Statistical Package for Social Sciences (11.5; SPSS). Tests for interaction among all drinking patterns and gender, as well as among women between drinking patterns and menopausal status, were not significant for hypertensive status. Therefore, all analyses were conducted combining men and women. Among current drinkers, categorical variables were created for average amount of alcohol consumed in the 30 days before the interview (drinks per day). Unadjusted and adjusted prevalence of hypertension was calculated for the different aspects of alcohol drinking using the general linear model procedure (analysis of covariance) for multiple comparisons among the various categories of alcohol variables.
Multiple logistic regression was used to calculate odds ratios and 95% confidence intervals, with hypertensive status as the dependent variable. Various alcohol drinking categories served as independent variables, and a number of potential confounding factors were taken into consideration (age, education, gender, smoking status, body mass index, abdominal height, and physical activity). Two sets of analyses were performed. In the first set, lifetime abstainers were the reference category. In the second set, only those participants who were current drinkers were included, and the reference categories varied according to the specific drinking pattern analysis. The second analysis enabled adjustment for average amount of alcohol consumed.
Results
The descriptive characteristics of the study participants for the overall sample are shown in Table 1 . The prevalence of hypertension by categories of alcohol variables is shown in Table 2 .
For drinking status, drinkers, noncurrent and current, had a higher adjusted prevalence of hypertension than lifetime abstainers but not at a significant extent. For categories of average alcohol intake in the previous 30 days, heavier drinkers (Ն2 drinks per day) had significantly higher unadjusted and adjusted prevalence of hypertension compared with lifetime abstainers or other drinking categories. For frequency of drinking, daily drinkers exhibited a significantly higher adjusted prevalence of hypertension compared with lifetime abstainers and less than weekly drinkers, whereas for drinking pattern in relation to food consumption, participants drinking mostly without food exhibited a significantly higher adjusted prevalence of hypertension compared with either lifetime abstainers or those drinking mostly with food. For predominant beverage consumption, liquor drinkers on average showed a higher adjusted prevalence of hypertension (with borderline significance) than lifetime abstainers (Pϭ0.054) and wine drinkers (Pϭ0.071).
These findings were confirmed when analyses were restricted to current drinkers only, whereas, after further adjustment for alcohol, only participants who drank outside mealtimes still reported a significantly higher prevalence of hypertension compared with participants drinking mostly with food.
Adjusted odds ratios of prevalent hypertension by various drinking categories are reported in Table 3 . In the first set of logistic regression analyses, lifetime abstainers were used as reference category. The models included the following covariates: age, education, gender, smoking status, body mass index, abdominal height, and physical activity. Noncurrent drinkers and current drinkers exhibited higher odds ratios compared with lifetime abstainers but not at a significant extent. For categories of average alcohol intake in the past 30 days, only participants in the highest category of consumption (Ն2 drinks per day) showed a significantly higher risk of hypertension compared with lifetime abstainers (2. When these analyses were conducted after adjustment for average amount of alcohol consumed in the past 30 days, the results were follows: 0.90 (0.58 to 1.41) for daily drinkers, 1.41 (1.04 to 1.91) for drinkers without food, and 1.27 (0.90 to 1.80) for liquor drinkers.
Finally, after further subanalysis within categories of drinking volume (Table 4) , drinking without food was associated with a strong significant (Pϭ0.028) increased risk of hypertension (1.45 [1.04 to 2.02]) even in individuals with light to moderate alcohol intake (Ͻ2 drinks per day).
To ensure that our findings were not influenced by potential changes in drinking habits subsequent to the initiation of antihypertensive drug therapy, all analyses were repeated after the exclusion of participants on medication for hypertension. Results were consistent with those reported in analyses including participants on medication for hypertension (data not shown).
In addition, when analyses were repeated using drinking intensity (drinks per drinking day) instead of volume as a covariate, and also after exclusion of participants who reported consumption of alcohol in the 24 hours before the examination, findings were not substantially affected (data not shown).
Discussion
The findings of this population-based study confirm that high levels of alcohol consumption (Ն2 drinks per day) are associated with an increased risk of hypertension. We also found that some aspects of drinking pattern may affect the risk of hypertension. In particular, those drinking mostly outside mealtimes reported a significant increase in the risk of hypertension compared with either lifetime abstainers or those drinking mostly with food. This association between pattern of drinking in relation to food consumption and hypertension was independent of the effects of the average amount of alcohol consumed and was present even in individuals with light to moderate alcohol intake. The latter is a novel finding, with potentially important clinical implications. In fact, it points out that drinking without food may counteract any benefit associated with moderate alcohol consumption (Ͻ2 drinks per day) on the cardiovascular system.
For pattern of drinking in relation to frequency, drinkers on a daily basis showed a significantly higher risk of hyperten- 
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sion than lifetime abstainers and less than weekly drinkers. However, this association disappeared after accounting for the effects of the average amount of alcohol consumed in the previous 30 days. This may suggest that the average volume of alcohol consumed plays a much more important role in the relationship between alcohol consumption and hypertension risk than the frequency of occasion of use does. We did not find any consistent association between predominant beverage preference and hypertension risk. To our knowledge, the relationship between drinking pattern in relation to food consumption and hypertension risk has been addressed only in Italian data. Trevisan et al, in a large sample of adult men and women from the Italian Nine Communities Study, 7 found that drinkers of wine with and without meals experienced significantly higher systolic blood pressure levels and a higher prevalence of hypertension than other drinkers, even after adjustment for differences in alcohol consumption among the various drinking pattern categories. This association was similar in both sexes. In a more recent follow-up of this cohort, it was shown that drinking outside meals was associated with a higher risk of death from all cause and noncardiovascular disease compared with drinking with meals. 3 Further, a very recent study by the same principal author, using a case-control design, revealed an increased risk of myocardial infarction in men reporting consuming most of their alcoholic beverages outside mealtimes compared with those reporting consuming alcohol with meals or snacks. 6 Finally, Foppa et al found in a controlled *Systolic blood pressure Ն140 mm Hg, or diastolic blood pressure Ն90 mm Hg, or on medication for hypertension. †Adjusted for age, education, gender, smoking status, body mass index, abdominal height, and physical activity. ‡Adjusted as above. §Adjusted as above plus average amount of alcohol consumed in the past 30 days. The superscript notations for unadjusted and adjusted prevalence indicate the significant contrast (PՅ0.05) between that group and the specific category indicated by the capital letter.
randomized trial that moderate consumption of wine (2 glasses of red wine) with the noon meal produced a reduction of the postprandial blood pressure levels in centrally obese, hypertensive individuals. 14 The results of our study using a population-based sample in the United States confirm those reported in Italian data from a population characterized by a substantially different drinking culture. We found that participants who drank mostly outside mealtimes had a significantly higher risk of hypertension compared with lifetime abstainers and those drinking mostly with meals or snacks. This association was independent of the effects of the average amount of alcohol consumed and of drinking intensity, as measured by number of drinks per drinking day, and was present even in individuals with light to moderate alcohol intake (Ͻ2 drinks per day). We did not detect gender differences in the effect of pattern on hypertension risk, consistent with the previous report on Italian data. 7 Several plausible physiological mechanisms may be put forward to explain the observed association between drinking pattern in relation to food consumption and hypertension risk. Drinking with meals has been shown to exert beneficial effects on fibrinolysis 15 and lipids. 16 It has also been reported that consumption of red wine with meals reduces the susceptibility of human plasma and LDL to lipid peroxidation. 17 A potential explanation may reside as well in the effect of food on absorption and intragastric metabolism of ethanol leading to a slower increase and lower peak of blood alcohol concentration. 18 Another physiological mechanism may be that food intake produces increased alcohol elimination rates. 19 Finally, drinking alcohol with or without food may 
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just represent a marker of lifestyle profile and health-related behaviors, which may itself be the link to protective and detrimental health effects, such as different dietary habits. 20, 21 Unfortunately, in our study, we did not assess current dietary habits. During the last decade, frequency of alcohol consumption has been the focus of several investigations aimed at assessing the alcohol-blood pressure relationship. 2, 4, 8, 9 However, to date, studies have provided contrasting findings.
In our study, participants who drank on a daily basis had a significantly higher risk of hypertension compared with lifetime abstainers and less than weekly drinkers. However, when differences in the average amount of alcohol consumed across the various drinking pattern categories were taken into account, the relationship was no longer significant. It is possible that by taking into account average volume, we masked much of the "frequency effect" because most daily drinkers tend not to be light drinkers, and most light drinkers do not drink every day, 22 as supported as well by our data. In our sample, drinking frequency was somewhat correlated to amount of drinking (Pearson correlation coefficient 0.39). The ideal approach to address this issue would be to analyze the relationship between drinking frequency and hypertension within homogeneous categories of drinkers with regard to amount. Unfortunately, our sample size precluded us from carrying out meaningful comparisons within these subsets of drinkers.
Our study is not without limitations. First of all, the cross-sectional design does not allow us to make any conclusive statement about the temporality of the observed associations. Furthermore, the suboptimal participation rate (59.5%) may leave the possibility for selection bias and restrict the generalization of our findings to the general public. The strength of this study consists in the very detailed information elicited on the many different and complex components of alcohol consumption in terms of amount and pattern, as well as the examination of several covariates known to be related to blood pressure elevation. Nevertheless, we cannot rule out the presence of additional unknown confounding variables (eg, diet and other lifestyle habits) that we were unable to control for in our analyses and the potential of residual confounding that, in the absence of a known physiological link, may have contributed to our findings concerning pattern of drinking.
Perspectives
Our study adds new and important information to the current body of evidence about the role of drinking pattern on cardiovascular health, and specifically that certain aspects of drinking pattern (ie, drinking outside mealtimes) are associated with increased risk of hypertension. Longitudinal studies are necessary to confirm the temporality of this association. However, these findings may have clinical and public health implications from the perspective of recommendations given to patients and the population at large with regard to drinking habits and lifestyle modifications necessary for good health. Our study also points out the need to incorporate more sophisticated approaches to the assessment of alcohol use in the epidemiological research focusing on the complex issue of alcohol and health. 
